HYDROGEOLOGY AND GROUND WATER DEVELOPMENT
PROSPECTS OF KANPUR METROPOLIS, UTTAR PRADESH
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INTRODUCTION

Kanpur Metropalis, the largest city of Uttar Pradesh and the eight largest
cty of India is located on western bank of river Ganga. Kanpur city occupies a
geogrephicd aea of about 278 sg. km. In the centrd pat of U.P, lying
between latitude 26°20° and 26°35 north and longitude 80°10° and 80°30' east
(Survey of India Toposhest No. 63 B). The city has consderably grown up in
recent times and deveoped in dl fidd of activitiesThe cty populaion which
was about 210 million as per 1991 census, has become about_2.5 million by

1997.The Kanpur isfamous for Legther and Textile indudtries. @ rep

PHYS OGRAPHY

Kanpur metropolis forms a pat of Ganga sub-basin in the Centrd Indo-
Gangdic Pan. It exhibits more or les a fla topogrgphy with the maester dope
from northwest to south-ees. The average devation of land surface is 125
m.amsl. The aea is draned by the river Gange and its tributary Pandu. The
area of city has been geomorphologicaly divided into two units.

0] Low landsor Younger Alluvid Plain &
(i)  Uplandsor Older Alluvid Plan.



The Low land or Younger Alluvid Plan has been identified as flat to
getly doping and dightly undulating teran of lage aed extent, formed by
river depodtion, and is limited dong river Ganga with the breadth not
exceeding 5 km.  The sadiments comprise of Recent unconsolidated dluvid
maeid of vaying lithdogy. The fluwid land-fooms such as padaeochannd,
meander scar and oxbow lakes are common festures.

Further west of Younger Allwvid Pan is the aea of dable upland
which has been produced by extendve depostion of older dluvium comprisng
of coase to fine sand, Sit and day. The paches of st encrudations have

been reported in the area around Panki and Chakeri. @ e

CLIMATE

The aea expeiences sub-tropicd dimae with average normd  annud
ranfdl a 83350 mm which is modly recelved through the southwest
monsoon. (Monsoon771.0 mm and Norrmonsoor 62.5 mm).

The mean maximum monthly temperature (41.7°C) has been recorded
duing May and minimum (22.8°C) in January, the average annuad maximum
and minimum being 32.1°C and 19.3°C, respectively. During pesk summer the
termperature sometimes shoots upto 46°C while in pesk winter it becomes as

low as4°C. @ fep

WATER SUPPLY STATUS

With the rgpid urbanization, indudrid devdopment and Segp growth in
population, the demand of water has increesed manifold. At present drinking
water demand of the city is 650 MLD which is patidly met, only 350 MLD is
being supplied by Kanpur Jdsangthan with bresk up of 200 MLD from surface
water and 150 MLD from ground water sources. There are about 109 tubewells
within 400 m depth by date agencies. These tubewells yidd about 1500 to

3000 Ipm. &
HYDROGEOL OGY

Kanpur metropolis forms a pat of Centrd Ganga Allwid Ran,
underlined by unconsolidated sediments of Quaternary age comprisng st
cday, ssnd of various grades gravd and kankar in vaying proportion. Fg.l
shows the hydrogeology of the city area

The Centrd Ground Water Board (CGWB) has undertaken exploratory
drilling of 7 wells upto a maximum depth of 500 m out of 7 wells 6 wels have



been converted into production wels and handed over to dae govt. for ther
utilizetion.

Study of the boreholes drilled by C.GW.B. under its exploratory/deposit
wdl programme and a subsequent perusd of sub-surface geologicd  cross-
sections (Fg.2 & 3, reved the following scenario of sub-surface configuraion.

1 The unconsolidated dluvid sediments deposted over the undulatory
aurface of the basemert rock, (encountered in borehole a Panki a the depth of
505 mbgl) show dternative day and granular beds. The sandy horizons a
different depths form the main repository of ground water.

2. The thick pile of sediments down to bed rock broadly, consst of 3
tier aquifer system as below-

1* Group of Shallow Aquifers (upto 150 m) depth bgl):

Ground Water occurs under unconfined to semi confined conditions.
The aquifers of this group do not appear to hold good promise for ground water
devdlopment due to ther lensoidd naureShdlow tubewels ranging upto
100m depth tepping 7 to 20 metres of saturated granular zones, yield 7 to 20 Ips
a drawvdown ranging between 4 to 7 metres.  The tubewdls, 101 to 175 meter
deep and tapping 10.5 to 49.0 m of saturated granular zonesyidd 12 to 27 Ips
a drawdown ranging between 585 and 1045 m. Staic waer levd in these
wdls varies from 6 to 14 meters. Generdly, the tubewells tapping the 1% Group
of aguifers ae moderady vyidding but do not give sudaned waa supply
during the peak summer period.

2" Group of Moderately Deep Aqufiers (Existing between 150-250m
depth):

Ground water occurs under confined conditions. This paticular aguifer
group has not been exclusvely tgpped in any tubewdl due to its poor qudity of
formation weter. However, it has been obsarved that whenever even partly this
aquifer group has been tgpped in any tubewdl dong with ovelying aguifer
group, the yidd of the wdl has remakably increese, which confirms its
potentidities It appears that the confineness of this aquifer group due to
ovalying and undelying day beds has redricted its flushing, resulting in the
occurrence of poor qudity of water in the aguifer.

3 Group of Deep Aquifers (below 250 m depth):

Ground water occurs under confined conditions The piezomelric leve
of the deep aguifers ranges between 12.00 an 19.00 mbgl. The aquifers of this
group ae holding good promise for ground waer development. Deep
tubewells, 338 to 400m deep, tapping 34 to 89m of saturated granular zones,



yidd 31 to 60 Ips a drawdown ranging between 4 and 17m. Ranges of
different parameters of these aquifers are given below.

Specific Capacity 2—11lpgm
Transmissivity (T) 1338 — 3916 m/day
Hydraulic Conductivity (K) 33.70 — 75.00 m/day
Storativity (S 454 x 10°-8.6x 10"

Depth to Water Level

Depth water levd in Kanpur metropalils generdly varies from 6 to 16
mbgl during pre-monsoon period Fg4 depicts that dl dong in the vicnity of
river Ganga the water level ret & maximum depth ranging between 12 and 16
mbgl. The depth gradudly reduces towards western direction. During Podt-
monsoon period water leve shows a minor rise due to replenishment of aquifer
by monsoon precipitation.

Ground Water Flow

The premonsoon water table devation contours mep (fig.5) shows the
highet wae levd devaiion of 122 m in the western pats of Metropolis and
lowest i.e less then 107 m dong river Ganga The gradient of ground water
table is deeper dong the Ganga  The pattern of  contours indicates that the
gound wae flow is gengdly in esden drection confirming the efluent
neture of river Ganga.

Long TermsWater Level Trend
The plot of long term water level data of hydrograph dation located a

Kanpur Kachehri Fig. 66 and dso andyss of water levels of other hydrogreph
gations of metropolis show agenerd dedlining trend as given below.



Water Level Trend Analysis

Well No. Location Period of Mean Trend (m)
record depth to
water level
(mbgl)
KNP-02  Kanpur 1974-98 9.66 -7.22
Kachehri
KNP-12  Mahargpur 1979-98 8.66 - 9.66
KNP-30  Narmau (New) 1988-98 1.78 -0.22
KNP-37  Bithoors 1989-93 11.96 -4.81
KNP-40  Samedhi 1992-98 4.95 +1.25
Naubasta
KNP-41 Ramadevi Ring 1992-98 12.07 -1.20
Rd.
KNP-42  Motipura 1992-98 1.65 -0.92

Aveage= -3.25

Top

HYDROCHEMISTRY & POLLUTION OF GROUND WATER
a) Chemical Quality

The dudy of chemicd andyss of ground water reveds ground water
quality in Kanpur City asbelow:

1 By & lage the formation water is dkdine in reaction, bicarbonate type
and moderady minerdized. The concentration of dl the chemicd condituents,
except fluoride (F) a& few locations ae wdl within the highest desregble or
maximum pemissble limits as lad down for drinking purpose by BIS-1991.
The concentration of fluoride (F) a Phoolbagh, Bazza Purwa, Panki, Sachendi
and Chakrgpur locdities have been found more than maximum permissble
limit (1.5 mg/l) ranging between 1.6 and 2.2 mg/l.

2. The formation water of 2™ group of aquifer by and large is brackish,
dkdine, bicarbonate type and hard. The chloride contents range between 213
and 805 mg/1.

3. The ground waer of the degp confined aquifer (3rd Aquifers Group,
occurring within 250-450 mbgl depth) is quite fresh, soft to dightly hard and
very much suitable for dl the purposes.



b) Ground Water Pollution

Kanpur, being an indugrid metropolis hes a large number of industries
of which leaher, textile jute and chemicd indudries ae dominant. The
unplanned disposa of domedtic waste and discharge of untrested or partidly
trested effluents by the indudries directly on land o in Gaga river ae
resulting into pollutionof surface and sub-surface water.

During the recent sudies by CGWB the contamination of ground water
of toxic condituent like hexavdent chromium (C#®) has been detected in the
industrid  pockets located a Nauriya Khera (Panki Thermd), Baburia, Rakh
mandi, Fazdganj and Jgmau aeas The ranges of chromium concentration in
weter of phregtic aquifersin these locdlities are as below.

Baburia ; 0.510-7.223 mg/|

Rakhi Mandi : 0.007-10.00 mg/l

Fazaganj : 0.005-6.35 mg/l

Jgmau ; 0.003-0.132 mg/l

NauriyaKhera : 0.008-8.00 myg/l
(Panki Thermd)

The man source of chromium concentretion in ground waer being the
indudrid effluents from Legther, Textile etc.

Health Hazar ds due to Chromium

Chromium is the mog toxic waer pollutant. The concentration above
005 mg/l in drinking water may prove detrimental to human hedth. The higher
concentration of chromium may caue cancer of lungs nesd cavity ad
paanasa dnus, somech and larynx. Skin decolourization and peptic ulcer are
common diseasein the inhebitants of thisarea

Remedial M easur es

In order to combat with the chromium pollution in ground water, the
following measures are suggested.

1 The deep tubewdls tapping granular zones beow 250 mbgl depth
contain chromium free water, thus advice to promote the use of water
from degper aquifer indead of water from shdlow zone in the chromium
effected area

The factories effluents should be well trested before diposdl.

Proper surface dranage and sewerage system should be developed to
prevent leaching of pollutants

W



4. The public awareness should be gengraied in  the chromium zffected

areas on the harmful effects of high chromium concentrations @ 1o

STRATEGY FOR GROUND WATER AUGMENTATION

Not-withganding the over-devdopment of phreatic aquifer, Kanpur city
dill offers a good scope for cregting the additiona water resources. Because
there is a subdantid monsoon runoff going unutilized, that othewise can be
consarved as a sub-surface dorage on account of the avalable column and
permesble maeid. Badcdly thee ae two techniques feashble in densdy
populated aea, namdy, roof top ranwaer haveting and runoff waeter
consavetion.

Roof Top Rain Water Harvesting

The roof top water from the dweling units and buildings may be
diverted to a community wel to dlow the ran wae infiltraie down and
recharge the ground water. The technique of dorege is quite smple and
inexpendve snce the roof top water can be pooled in a pit filed in the annular
gace with pamedble gravd and sand. As a smdl beginning, every house
should have a smdl pit and the waer from the rooftop may be diverted through
pipdineinto the pit.

Runoff Rain Water Harvesting

The surface runoff on the roads and open grounds is subdtantid
epedidly during the monsoon period. Since the infiltration is negligible the
runoff flows out of the dty unutilized. This crestes problems of dagnaion
locdly and obgructs dranage sysem. The surplus water may be diverted to
pits (rechage dhdts) judicdoudy oondructed in  the colopy—ypaks— or

playgrounds. @ 1o

CONCLUSION AND RECOMMENDATIONS

About 75% of the totd waer requirements of Kanpur Metropolis are
met from surface water resources of river Ganga and Lower Ganga Cand while
the bdance is receved from ground waer. With the rapid urbanization and



growth of indudries the extent of pollution of suface waer resources has
increesad remakably and in future these limited resources will not be able to
megt out the waer demand in the same raio as today. Therefore it is
imperdtive to meke the fruitful long term planning to conserve these resources
and utilizeit in systematic way for the maximum benefit of society.

For the better utilizaion of ground waer resources in Kanpur
Metropalis the following suggestions are made.

1 Snce the wae levds ae showing a continuous declining trend due to
over devdopment of 1% Aquifer Group, the further devdopment of this group
should immediately be minimized for some time and proper schemes should be
taken up to atificidly rechargeit through roof top rainwater harvesting.

2. At places, the phredtic aguifer is getting polluted due to discharges of
untrested or poorly trested indudrid effluents on the low land area or directly
in river Ganga. It should be checked.

3. It is imperdtive to explore the scope for utilizing the poor qudity
formation water of 2™ Aquifer Group (depth range : 150-250 mbgl) after
proper blending with fresh waer for domedic, indudtrid and gardening uses It
may be hdpful in flushing of aguifers of this paticular group and ultimady
improving its quaity in due course.

4.  The man potentid aguifers, i.e 3¢ Group of desp aguifers, exigt in the
depth range of 250 and 450 mbgl. The tubewdls tapping these aguifers are
cgpable of yidding 2000 to 3500 Ipm. It is suggested that in future the
domedic as wdl as indudrid water supply in Kanpur metropolis and its
environs should only be planned by expbiting this paticular aguifer group, it
will ds0 reduce the over dress on shdlow aguifers group.  The digance

between the two deep tubewells should not be less than 500 metres. @ o







